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COMPOSITION OF WATERS OF LAKES AND RIVERS IN
EAST AND WEST AFRICA
S. A. VISSER
INRS-EA V Vniverite du Quebec Quebec, Canada
ABSTRACT
Thirty-three groups of geochemically related natural Jake and river waters
collected from 368 sites scattered over East and West Africa, were investigated
to determine correlations between their various ions and the patterns of change
in their ionic composition across the African continent.
The following nine significant correlations were found to· exist in the entire
area or in a major part of it: sodium and potassium; sodium and chloride;
sodium and sulphate; potassium and ammonium; potassium and chJoride;
ammonium and nitrate; calcium and m~gnesium; magnes;um and chloride;
sulphate and chloride. When compared with the world average composition. the
concentration of potassium in these waters was found to be high, that of calcium
and nitrate was low.
With respect to the area of East Africa only, trends in the pattern of change
involving the ionic composition of the Jake and river water and the longitude
at which the sites were present, were found to exist for the ratio of sodium:
conductivity (which showed an increase in the direction of West to East), magne-
sium: conductivity, and for the sum of calcium and magnesium: phosphate
(which both showed increases in the direction of East to West). The concentra-
tion of phosphate was generally found to)ncrease in East Africa in the direction
9f West to East,
INTRODUCTION
Until now publications on the chemistry
of African waters have generally been
limited in scope, because the area covered,
or because the type of environment investi-
gated was limited. It is considered, therefore,
that a study covering a large part of Africa
and including both rivers and lakes will be
of interest.
A compilation of this nature will aid the
evaluation of the average ionic composition
of the waters of the area investigated and
the study of some features of the concentra-
tions of the ions, either with respect to their
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Table JA. Chemical Composition of East and West African River Waters. (all relevant data in ppm)
Site Description Period Con- I CATIONS
• of duct-
coHee- ivity pH Na K NH. Ca Mg Mn Fe AJ
tion (Ilmho
cm-1)
I R. Senegal (Mali) I '55 - - 2.5 2.4 - 10 I - - 3 5
2 R. Konkoure and affiuents
(Guinea) II '54-'59 22.1 6.0 25.9 0.6 - 4.5 1.0 - - 1.4
3 R. Niger-Kouroussa r---
(Guinea) I '54 - - 20 - 6.5 2 - 2-
4 R. Volta-Kpong-(Ghana) I '64 - - 6.7 - 4.5 2.8 - 1.2
5 R. Ofin (Ghana) 2 - - - 9.7 - 5.7 1.6 - - 6.0
6 rivers and streams (S. ,
Ghana) 14 - - -
204 ~36 - 13.3 3.0 - 2.37 L. Bosumtwi (Ghana) 2 - - - - 12 28 - 88 rivers and streams (c.
Ghana) 15 - - - 10.7 - 5.9 1.5 - 3.5
9 rivers and streams (N.
Ghana) 8 - - - 5.3 - 5.9 2.9 tr 1.1~o--
10 R. Niger-Niamey-(Niger) 3 '51-'53 - - 11.0 6.5 2.8 - tr Ir
II R. Niger-Kainji-(Nigeria) 42 '65-'66 70.0 7.1 4.2 1.~2 -0.5 6.4 2.7 0.0 0.2 -12 R. Niger-Lokoja-(Nigeria) I '57 - - - - - - - 0.1 -
13 R. Ogun (Nigeria) 3 '54-'57 - - -- - - - - 1.6 -
14 rivers and streams (N.
Nigeria) 60 '56-'65 82.1 7.4 4.4 3.3 0.1 14.0 8.6 0.0 - -
15 R. Ruzizi (Burundi) I - - - 94.8 63 - 8.4 67 - 0.1 0.4
16 larger East African
Western Rift lakes 27 '12-'61 1088 9.0 105 62 - 139 33.7 - 0.3 0.3
(Uganda): L. Albert, L.
Edward, L. Kivu, L.
Tanganyika
17 rivers-Kigezi district- Uganda 4 '61 159 7.1 3.7 I 7.0 0.5 1.6 - 0.2 1.5 0.1
• N um ber of samples
- No data available
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'. ~ Table lA. Chemical Composition of East and West African River Waters. (all relevant data in ppm) (Continued) .+>00
Site I Description I I period Con- I CATIONSI
of duct-
i
!Jl
collec- vity pH Na K NH 4 Ca Mg Mn Fe AI ?>
lion I (umho i <
cmd if)
-~ (fJCTi18 I small lakes of volcanjc I 21 I '31-'63 I 182.1 I 8.0 I 9.4 I 8.3 0.8 12.4 , 7.9 I 0.1 2.6 0.0 ;;c
origin, East African W.
Rift (Uganda): L
Bulera, L. Bunyoni, L.
Luhondo L. Mulehe, L.
Mutanda, L. Ndalaga
L. Nkuguti
19 L. George (Uganda) 10 '24-'68 172 , 9.0 13.9 4.2 0.03
I
19.5 I 6.5 I 0.03 I 0.520 R. Kagera (Uganda) 3 '53-'60 93 - - .- 5.9 3.8
21 R. KalOnga (Uganda) I '60 - - 3.9 7.5 0.2 1.0
22 L. Nabugabo (Uganda) 4 - 25.0 4.7 2.0 2.6 0.1 1< 0.5 '< 0.1 I 0.0 i 0.1 I 0,0L. Victoria (Uganda) 28 '23-'61 96.8 7.8 9.0
I
• I 0.0 0.123
I
4.1 0,1 3,9
I
2.7 2.3
24 L. Kyoga (Uganda) 14 '~-'60 I 320 7.7 I 6.9 7.2 0,2 11.4 2.025 R. Nile-Paraa Lodge- I - - 6 O. I 4
(Uganda)
26 I Jake-side papyrus swamps 26 '52-'53 ' 191 6.9
,
- I - 0, I - - - I
33.7
27 river-side swamps
:3 ,
'52-' 58 1 116 6.6 5.5 4.7 I 0.2 I 1.4 ! 2.7 - 55,4 0.2(Uganda) i
I I I ,28 I rivers and Slreams (E, - - - 7.5 1.9 - 8.1 7.2
Uganda)
29
I
L. Rudolf (K.~nya)
I LI
'31-'61 3020 9.6 790 22 - 5.5 3.5
30 L. Baringo (Kenya) '29-'62 416 I 8,8 111 14 - 16.8 2,6
31 East African E. Rift '12-'61 I 97066 10.9 18261 854
saline lakes (Kenya and
Tanzania): Elmenteita,
Eyasi, HanninglOn,
Magadi, Manyara,
Nakuru, Natron
32 I L. Naivasha (Kenya) I 7 I '29-'61 I 348 I 8.9 42 211 I - 18.5 6. I33 R. Uebi Scebeli (Somali 6 '57-'58 - 21.8 - - 103.8 18.2
Rep.)
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Table lB. Chemical Composition of East and West African Lake and River Wafers. (data in ppm)
ANIONS
Site
I I
References
CJ F NOz N03 SiOz S04 P04
1 3 - - 0 - JJ - Livingstone, 1963.
2 J93.7 - 0 8.8 38.0 56.2 - Daget, J962.
3 J8 - - - - JJ - Livingstone, J963.
4 1.2 0.2 - 0.3 65.2 0.5 - Dunn, J947.
5 6.3 - - 0.9 30.7 2.8 - Dunn, 1947.
6 27.5 0.3 - 0.8 31.2 22.3 - Dunn, 1947.
7 J03 - - - 16 6 - Livingstone, 1963.
8 6.6 0.4 - 2.3 26.5 1.9 - Livingstone, 1963.
9 2.5 - - 0.4 10.3 0.5 - Livingstone, 1963.
10 10 - - 0 3 5 - Livingstone, 1963.
1J O. I - 0.0 0.0 1.0 tr 0.03 Imevbore, 1967; Imevbore el aI,
1966; White, 1965.
12 9 0.2 <0.5 - 20 tr - Livingstone, 1963.
13 4.0 0.2 - < 0.3 28.0 tr - Livingstone, 1963.
14 3.9 0.3 0.3 0.2 8. I 1.3 0.00 Holden el aI, 1960; Imevbore,
1967; White, 1965.
15 23.8 - 0.0 1.3 9.8 17.8 O. I Beauchamp, 1939.
16 29.9 - - 0.3 10.8 39.5 0.21 I3eadle, 1932, Beauchamp, J939;
Ben, 1959; Clerfayt, 1955;
Damas, 1954; Delhaye, 1941;
I EAFRO, 1952; Fish, 1952;
Fish, 1953; Fish, 1954;
Hundeshagen, 1909;
Hurst, 1925; Kufferath, 1952;
Ricardo, 1939; Stappers,
1914; TaIling, 1957; Tailing,
1963; Tailing el aI, 1965;
.:rottenham, 1926; Verbeke,
1957; Worthington, 1930;
Worthington, 1932a.; Worthing-
ton, 1932b.
17 12.3 - - 1.8 - 10.1 0.01 Visser, 1962.
18 11. 2 - - 1.8 12.3 14.1 0.40 Ben, 1959; Damas, 1937;
Damas, 1954; Fish, 1953;
Fish, 1954; Talling el aI,
1965; Visser, 1962; Visser
1965; Worthington el aI, 1936.
19 8.3 - 0.0 0.01 20.7 14.1 0.76 Beadle, 1932; Dunn el aI, 1969;
Fish, 1952; Fish, 1953; Fish,
1954; Hurst, 1925; Tailing el aI,
1965; Viner, 1969.
20 0.7 - - - 17 - - Tailing el aI, 1965.
21 3.9 - - 0.9 - 12.3 - Livingstone, 1963.
22 0.8 - - 0.3 - 1.7 - Visser, 1964.
23 3.0 - 0.0 0.1 4.7 2.5 0.14 Carter, 1955; EAFRO, 1952;
Graham, 1929; Lind el aI,
1963; Livingstone, 1963;
I I , Tailing et aI, 1965; Visser,I ; , 1964; Worthington, 1930.
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Table 2. Correlations between the concentrations (in ppm) of various ions occurring in natural West and East African lake and river waters
4
5
I n III IV (- degree of regression equation regression equation remarks
(5%) significance (I) (2)
-
------
Na K 18 0.05 >0.05 <I 2.1 not very for relevant
I 16 0.74 < 0.001 4.1 2.1 highly [Na) = 2.17 [K) + 5.40 [K) = 0.26 [Na) + 5.10 data of
Table 1
(excl. 31)
for data of
Fig. 2
(Table 1
excl.
29.31.32)
-
Na S04 18 0.88 <0.001 7.4 2.1 very highly [Na) = 11.7 [S04)-80. 5 [S04) =0.066 [Na) +8.480 for relevant
data of
Table 1
(excl. 31)
16 0.85 < 0.001 6.1 2.1 very highly [Na) = 3.92[S04)-14.10 [S04) = 0.18 [Na) + 5.45 for data of
Fig. 2
(Table 1
exc!.
7,29,31,33,
-
K NH4 10 0.66 < 0.02 2.5 2. ) significant [K) =7. ~8 [NH4) + 3.45 [NH4) =0.061 [K) -0.080 for all
relevant
data of
Table 1
(Fig. 2)
NH 4 N03 11 0.84 <0.001 4.7 2.2 very highly [NH4) =0.23[N03) +0.08 [N03) =2.30[NH 4) +0.08 for all re-
levant data
of Table 1
(Fig. 2)
Ca Mg
I
26 0.36 "'0.05 1.9 2.0 possibly [Ca) =0.17[Mg) +5.30 [Mg) =0.16[Ca) +5.56 for all rele-
I vant data ofI Table 1
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Table 2. Correlations between the concentrations (in ppm) of various ions occurring in natural West and East African lake and river waters (Conr.)
I I_II HI IV t* degree of regression equation I regression equation I Remarks(5%) significance (I) (2)
-~ICJ ---- ! for all rele-6. 26 0.01 >0.05 0.0 2.\ not signi- I25 0.47 -v0.1 2.3 2.1 ficant (Mg] =0. 3I[CJ] +4.17 [CI] =0.7I[Mg] +7.93 I vant data of
Table I
for data of
, Fig. 3I
I (Table /
excl. 29)
--
7. CI Na 19 0.97 < 0.001 16.0 2.1 very,/1ighly [CI] =0.49[Na]-S.OO [Na] =1.9[CI]-14.2 for relevant
data of
Table 1
(excl.31).
J7 0.74 <0.001 4.3 2.J very highly (CI] =0. 24[Na] +5.20 [Na] =2.3[CI] +0.2 for data of
Fig. 3
(Table 1
--
-------
I excl.7,29,31)
8. CJ K J9 0.04 >0.05 < J 2.1 not for relevant
dataof
Table 1
(excl. 31)
17 0.63 <0.01 3.3 2.1 highly [CJ] =0. 72[K] +4.50 [K] =0.56[CI) +5.80 for data of
I Fig. 3
I (Table 1
I II excl.
I I29,31,32)
-- -- 1-- -.
9. S04 CI 30 0.33 >0.05 1.9 2.0 I not I I for relevant
i
I i
I data of
. I Table 1
I (excl. 31)
28 0.36 -v0.05 2.0 2.0 i possibly [S04] =0.14[CI) +6.45 [CI) =0.87[S04) +5.30 for relevant
data of
Table /
I
(excl.
29,3/,33)
V\
.j:>.
'!'
>
<
C/l
C/l
m
""
J :Number of averaged samples considered
........ _ ..... 1 ••• : ........ ,
JI[ :Level of probability
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by absorption and sequestration, it ca n
lock up substantial amounts of ions often
resulting In waters of low salinity. As the
electrical conductivities tabulated in Table I
indicate (excluding those of the salt Jakes),
the salinity of the majority of the listed
waters IS, on the whole, indeed low. This
feature, together with the high iron, aluml-
mum and silica content IS typical of most
waters of the leached lateritic tropical
regions.
When the East African salt lakes are in-
cluded in the area studied, wide variations are
encountered in the total ionic concentrations:
included In Table 1 is a lake with one of
the lowest salt contents known in the tropics
(L. Nabugabo, Uganda), and one with a salt
content of close to 500 grams per litre (L.
Katwe, Uganda).
As Table 6 shows, within the conductivity
range of 23-400 Ilmbo. cm-1, the concentra-
tions of the following Ions were found to
be positively correlated with the salinity
(conductivity) of the water: sodium, po-
tassium, calcium, iron, aluminium, chloride,
silica. sulphate and phosphate. In most
waters the COilcentralions of ammonium,
nitrates and wagnesium were found to be
independe,nt of the total amount of salts
present, whereas with a higher salinity
the concentration of sodium in the waters
is shown to rise relatively faster than those
of ions such as calcium, chloride, nitrate,
silicate and sulphate (Table 6). This may
be due partly to differential leachi ng of the
ions from parent material, to preferential
absorption effects by inorganic matter, or
living and dead organic matter or to evapo-
ration fractional crystallization (G I BBS"
1970).
An interesting feature was observed re-
garding the East African salt lakes (BEADL'
1932, JENKIN 1932, 1936). Whilst these
lakes contain very large amounts of sodium,
potassium, chloride, silica, sulphate and
phosphate, the average sodium: chloride
DISCUSSION
The compositio c ' of natural lake and
river waters depends on a variety of geolo-
gical, physical, chemical and biological
factors, such as the composition of the
rainwater of the catchment area, the type
and composition of the geological formations
Jll the environment, the exchanges taking
place between the waters and the soils
or organic and inorganic sediments through
or over which they are flowing, and on the
complexing, chelating and solubilizing pro-
perties of products of biological origin.
As the composition of rainwater is often
remarkably similar to that of some of the
Jake and river waters of the catchment
area, rain should be considered as an impor-
tant source of the ions. Comparison between
the average composition of tropical rainwater
Kampala, Uganda (VrSSER 1961), and
the composition of lake and fiver waters
within a rad ius of 100 miles of the place
of collection of the preci pitation (cf. Table I,
or. 20-27), indicated that rain contributed,
on an average, all of the sodium. ammonium
and nitrate, over 75 % of the ch loride, and
over 70% of the potassium contained In
the lake and river waters within the area
(Table 5). Some of the ions, such as sodium,
nitrate and ammonium were found to be
present at even higher concentrations In
the rain water than in the average lake or
river water of the area.
An important factor In the chemical
composition of natural waters in the tropics
is undoubtedly the influence of the organic
and inorganic sediments. Organic matter
In particular, because of its power of ion
exchange, will often be the cause of the
soft waters so typical of the tropics. Besides,
presented In Table 4 where it IS compared
with the world mean composition of natural
waters as calculated by LIVINGSTONE
( 1963).
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Table 3. Correlations between the occurrence of various ions in ppm) in natural waters in East Africa and the longitude at which the sampling site was situated
I t*
Idegree I
I II III IV V of regression equation (I) regression equation (2) I remarks
(5%) signi-
Inifi-,cance
1. NaJcond. Na* 12 0.76 "-0.001 3.7 2.2 highly [Na*] =0.022 [long.]-0.60 [long.] =26.7 [Na*] +29.7 for all
rele-
vant
data of
of
Table 1
(Fig. 4)
----
2. MgJcond. Mg* II -0.69 < 0.01 2.9 2.2 highly [Mg*]=0.0038 [long.)+O.1430 [long.] =-117.8[Mg*] +34.7 for all
relevant
data of
Table I
(Fig. 4)
--
3. P04 P04 9 0.87 <0.001 11.5 2.3 very [P04] =0.25[long.]-7.21 [long.] =3.14 [P04] +30.30 for data
highly or as a log function: of Fig.3
log [P04] =0.016[long.]-1.264 (Table
1, excl.
I 30 and, 31)
4. (Ca+Mg)
a 8 -0.89 < 0.001 4.8 2.3 very [a] =-136 [long.] + 4601 [long.] =-0 006 [a] + 33.500 for all
P04 highly or as a log function: relevant
I I log [a] =-0.12 [long.] +5.21 data ofI
I j Table I.(Fig. 4)
1 : abbreviation
II : number of averaged samples considered
III : coefficient of correlation
IV : level of probability
V : t calculated
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Table 4. Median composition of East and West African Lake and River Waters (all relevant data in ppm)
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Median values World average
composition (GIBBS,
1972)
African mean
composition
(LlVINGSTONE,
1963)
N
V)
+
Conductivity (IlmhO.cm-l)
pH
Sodium
Potassium
Ammonium
Calcium
Magnesium
Iron
Aluminium
Chloride
Nitrite
Nitrate
Silicate
Sulphate
182
7.8
9.0
7.1
0.1
6.5
2.9
1.0
0.2
6.5
0.002
0.3
15.5
J1.0
3.9
2. I
15.0
3.9
0.41
8.1
0.84
13 .1
10.6
11.0
12.5
3.8
1.3
J2.1
0.8
23:2
13 .. 5
'T
:1
Table 5. The ionic compositions of rainwater and of lake and river waters aro,und Kampala, Uga.nda
(Mean values in ppm together with the 95 %confidence limit)
Rainwater Lake and river waters
Table 6. Correlations between the ionic concentrations and the conductivities of East and West African lake
and river waters (conductivity range within 25-416 Ilmho COl-I)
Average increase per
unit of conductivity
units
Ileg/L
Ileg/L
Ileg/L
Ileg/L
Ileg/L
Ileg/L
0.0072
7.6
0.9
1.4
1.2
1.7
1.0
6.7±I.l
5.51:2.4
5.4 ±1.5
0.14 ± (I.lJ4
4.6 ± 3.0
22.9 ± 26.0
O. fO ± 0.11
2.2 ± 1.0
0.4 ± 0.2
4.4 ~ 3.2
0.22 ± 0.20
0.9945
0.9882
0.9882
0.9961
0.9662
0.97J4
0.9901
Level of probability
7.9 0.2
6.4 ± 2.8
3.9 ± 1.5
0.7±0.1
0.1 (median value
0.1 (median value)
0.0 (median value)
1.7 0.5
2.3±0.4
2.4±0.7
0.01 (median value)
pH
Sodium
Potassium
Ammonium
Calcium
Iron
Aluminium
Chloride
Nitrate
Sulphate
Phosphate
pH
Sodium
Calcium
Chloride
Nitrate
Silicate
Sulphate
E
l
I
o '
1
1
1
.
f ~
±
.7 0.
±0.
. ±1.1
.5 ± 2.
0 0
0 1 0.
±
i
cm- l )
t
l i
ili t
l
. 71
l
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r a t i o o f t h e s e w a t e r s ( 1 . 1 ) w a s f o u n d t o b e
n o t t o o d i s s i m i l a r f r o m t h a t o b s e r v e d o n
t h e f r e s h - w a t e r l a k e s ( 2 . 5 ) .
S o d i u m i s t h e m a i n c a t i o n i n t h e w a t e r s
o f E a s t a n d W e s t A f r i c a , a n d i n s o m e
r e g i o n s r a i n w a t e r i s a m a j o r s o u r c e o f i t
( p 5 5 ) . T h e s o d i u m c o n t e n t o f t h e w a t e r s
w a s f o u n d t o b e c o r r e l a t e d t o p o t a s s i u m
a n d t o s u l p h a t e ( T a b l e 2 , F i g u r e 2 ) .
T h e c o n c e n t r a t i o n o f p o t a s s i u m i n l a k e
a n d r i v e r w a t e r s i s n o r m a l l y l o w e r t h a n t h a t
o f s o d i u m , t h e r e a s o n b e i n g t h a t p o t a s s i u m
i s l a r g e l y r e t a i n e d b y c l a y s a n d J i v i n g o r g a -
n i s m s , w h i l s t a l s o r a i n w a t e r u s u a l l y c o n t a i n s
l e s s p o t a s s i u m t h a n s o d i u m . T h e E a s t a n d
W e s t A f r i c a n w a t e r s i n v e s t i g a t e d a r e r e l a t i -
v e l y r i c h i n p o t a s s i u m , t h e m e d i a n f i g u r e
f o r t h i s i o n b e i n g a p p r o x i m a t e l y t h r e e
t i m e s h i g h e r t h a n t h e w o r l d a v e r a g e ( T a b l e 4 ) .
T h e p o t a s s i u m c o n t e n t o f t h e w a t e r s w a s
f o u n d t o b e c o r r e l 3 . t e d w i t h a m m o n i u m
( T a b l e 2 , F i g u r e 2 ) . A s t h e s e t w o i o n s a r e
k n o w n t o b e i n t e r c h a n g e a b l e i n s e v e r a l
c h e m i c a l a n d p h y s i c a l p r o c e s s e s , a n d a s
b o t h a r e c l o s e l y i n v o l v e d i n b i o l o g i c a l
m e t a b o l i s m , t h i s c o r r e l a t i o n i s n o t s u r p r i -
s i n g . '
A s b o t h a m m o n i u m a n d n i t r a t e w e r e
n o r m a l l y f o u n d t o b e p r e s e n t i n h i g h e r
c o n c e n t r a t i o n s i n r a i n w a t e r a t K a m p a l a ,
U g a n d a , t h a n i n t h e n a t u r a l w a t e r s o f t h e
e n v i r o n m e n t ( T a b l e 5 ) , r a i n s e e m s t o b e
t h e m a i n c o n t r i b u t o r o f t h e s e i o n s i n t h i s
r e g i o n . I n m o s t t e m p e r a t e e n v i r o n m e n t s
t h e a m m o n i u m c o n t e n t o f r a i n w a t e r i s
g e n e r a l l y h i g h e r t h a n t h e n i t r a t e c o n t e n t ,
b u t i n t r o p i c a l r e g i o n s w i t h t h e i r h i g h
p h o t o c h e m i c a l a c t i v i t y i n t h e u p p e r a t m o -
s p h e r e g i v i n g r i s e t o a n i n c r e a s e d f o r m a t i o n
o f n i t r a t e , t h e r e v e r s e i s u s u a l l y t r u e . I n
w e l l - o x y g e n a t e d l a k e a n d r i v e r w a t e r s m o s t
o f t h e a m m o n i u m i s u s u a H y r a p i d l y o x i d i z e d
t o n i t r a t e b y n i t r i f y i n g o r g a n i s m s . T o t h i s
m u s t b e r e l a t e d t h e h i g h l y s i g n i f i c a n t c o r r e l a -
t i o n o b s e r v e d b e t w e e n n i t r a t e a n d a m m o -
n i u m ( T a b l e 2 , F i g u r e 2 ) . T h e n i t r a t e c o n t e n t
. .
,
b e i n g m o r e c o n s t a n t i n t h e c a s e o f t h e
r i v e r s ( O . 5 9 ± O . 3 3 p p m ) t h a n i n t h a t o f t h e
l a k e s ( 0 . 4 0 ± O . 5 5 p p m ) , s h o u l d u n d o u b t e d l y
b e a s c r i b e d t o d i f f e r e n c e s i n t h e d e g r e e o f
a e r a t i o n a n d c o n s e q u e n t l y i n t h e r e d o x
p o t e n t i a l o f t h e t w o t y p e s o f w a t e r s .
T h e m e d i a n c a l c i u m c o n t e n t o f t h e
A f r i c a n w a t e r s ( 6 . 5 p p m ) s h o u l d b e c o n s i -
d e r e d l o w a s c o m p a r e d w i t h t h e w o r l d a v e r a g e
c o m p o s i t i o n o f 1 5 p p m a s g i v e n i n T a b l e 4 .
T r o p i c a l w a t e r s a r e o f t e n n o t a b l y l o w i n
t h e i r c a l c i u m c o n t e n t : t h e A m a z o n r i v e r ,
f o r i n s t a n c e , a l s o h a s a n a v e r a g e c a l c i u m
c o n c e n t r a t i o n o f 6 . 5 p p m ( G I B B S , 1 9 7 2 ) .
I n t h e w a t e r s i n v e s t i g a t e d t h e a m o u n t
o f c a l c i u m e x c e e d s t h a t o f m a g n e s i u m a s
i s t h e c a s e i n m o s t o t h e r a r e a s o f t h e w o r l d .
C o n t r a r y t o t h e o b s e r v a t i o n b y J U D A Y ,
B I R G E a n d M E L O C H E ( 1 9 3 8 ) o n W i s c o n -
s i n l a k e s , i t w a s f o u n d t h a t t h e r a t i o o f
c a l c i u m : m a g n e s i u m o f t h e A f r i c a n w a t e r s
w a s r i s i n g w i t h i n c r e a s i n g c a l c i u m c o n t e n t
o f t h e w a t e r . F o r t h e g r e a t e r p a r t o f t h e
a r e a i n v e s t i g a t e d , t h e c o n c e n t r a t i o n o f m a g n e -
s i u m i n t h e w a t e r s w a s c o r r e l a t e d w i t h t h a t
o f c h l o r i d e ( T a b l e 2 , F i g u r e 3 ) . I t i s s h o w n
t h a t t h e c h l o r i d e c o n t e n t o f t h e A f r i c a n
w a t e r s i s w e l l c o r r e l a t e d b o t h w i t h s o d i u m
a n d p o t a s s i u m ( T a b l e 2 , F i g u r e 3 ) . W h e r e a s
s o m e i n d i c a t i o n s w e r e a l s o o b t a i n e d o f a
p o s s i b l e c o r r e l a t i o n w i t h s u l p h a t e ( T a b l e 2 ) .
T h e l a t t e r i o n , o c c a s i o n a l l y r e p o r t e d t o b e
l i m i t i n g i n t h e p r o d u c t i v i t y o f A f r i c a n
w a t e r s ( L I V I N G S T O N E 1 9 6 3 ) , w h e n c o m p a -
r e d w i t h t h e w o r l d a v e r a g e v a l u e , a p p e a r s
n e v e r t h e l e s s , t o b e p r e s e n t i n q u i t e n o r m a l
c o n c e n t r a t i o n s . T h e s u l p h a t e : c h l o r i d e r a t i o
o f t h e E a s t A f r i c a n w a t e r s ( 1 . 4 4 ± O . 5 2 )
w a s f o u n d t o b e a p p r e c i a b l y h i g h e r t h a n
t h a t o f t h e W e s t A f r i c a n l a k e s a n d r i v e r s
( O . 8 8 ± O . 6 3 ) . T h i s m a y p a r t l y b e t h e r e s u l t
o f t h e h i g h e r i n c i d e n c e o f p a s t v o l c a n i c i t y
i n t h e f o r m e r r e g i o n .
T h e f a c t t h a t t h e m e d i a n v a l u e s o f t h e
A f r i c a n l a k e a n d r i v c r w a t e r s f o r s i l i c a
( 1 5 . 5 p p m ) a r e s o m e w h a t h i g h e r t h a n t h e
w o r l d - a v e r a g e (
f o r h u m i d t r o p i c
P h o s p h a t e i s :
a b u n d a n t a n i o n :
i n t h e K a m p a l "
a l s o e x t r e m e l y
o f t e n c o n s i d e r e (
t h e p r o d u c t i v i t y
W i t h r e s p e c t
c o m p o s i t i o n o f
w a t e r s w i t h v a r y
t i o n o f p h o s p h a
t o i n c r e a s e i n t h
w h e r e a s t h e r a t
a n d m a g n e s i u m
i n t h i s d i r e c t i o n
t h e r e l a t i v e c o r
i o n s ( i . e . t h e c <
p p m d i v i d e d b y
a s e x p r e s s e d b~
w a t e r s a m p l e )
f o u n d t h a t , i n t h l
t h e c o n e e n t r a t i o :
t e n d e n c y t o d e c r e
i n c r e a s e d ( T a b l e
c a s e a c o n t r i b u t
t h e k n o w n d e e r e
o f r a i n w a t e r w i t
t h e o c e a n . B e e a t
c o n d u c t i v i t y d a t
p a r t i c u l a r i n v e s t l
i o n i c c o m p o s i t i o
t o b e c o n f i n e d t o
R E F E R E N C E S
B e a d l e L . C . ( 1 9 3 2 )
l a k e s i n r e l a t i o n
r e s u l t s o f t h e C
A f r i c a n L a k e s ,
( Z o o / . ) 3 8 , 1 5 7 -
B e a u c h a m p R . S .
T a n g a n y i k a . ! l l
B e n D . v a n d e r (
d e s L a c s K i v u ,
H y d r o b i % g ; q l l l
A / b e r t ( 1 9 5 2 - 1
F a s c . I . l n s t .
r r e b t
~
s i .
'
l l
J
m o ,
,
J e
LAKES f,ND RIVERS IN EAST AND WEST AFRICA 59
t in the case of the
m) than in that of the
), should undoubtedly
'ences in the degree of
uently in the redox
pes of waters.
content of the
pm) should be consi-
~ with the world average
1m as given in Table 4.
often notably low in
it: the Amazon river,
lS an average calcium
ppm (GIBBS, 1972).
'stigated the amount
:hat of magnesium as
I er areas of the world.
'ervatioll by JUDAY,
E (1938) on Wiscon-
nd that the ratio of
of the African waters
asing calcium content
.e greater part of the
oncentration of magne-
~s correlated with that
igure 3). It is shown
I tent of the African
ted both with sodium
2, Figure 3). Whereas
also obtained of a
Ith sulphate (Table 2).
onally reported to be
uctivity of African
E j 963), when compa-
verage value, appears
;sent in quite normal
lphate: chloride ratio
waters (J .44±0.52)
>reciably higher than
ican lakes and rivers
partly be the result
e of past volcanicity
~edian values of the
cr waters for silica
(hat higher than the
world-average (13.1 ppm) .is quite normal
for humid tropical regions.
Phosphate is shown to be one of the least
abundant anions in these waters; its content
in the Kampala rainwater (0.01 ppm) was
also extremely Jow (Table 5). The ion IS
often considered to be a limiting factor in
the productivity of natural waters.
With respect to variations in the ionic
composition of East Africa lake and river
waters with varying longitude, the concentra-
tion of phosphate was found, on the whole,
to increase in the direction of West to East,
whereas the ratio of the sum of calcium
and magnesium over phosphate decreased
in this direction (Table 3, Figure 4). When
the relative concentrations of the various
ions (i.e. the concentration of the ion in
ppm divided by the sum of the total ions
as expressed by the conductivity of the
water sample) were considered, it was
found that, in the direction of West to East,
the concentration of magnesium showed a
tendency to decrease whilst that of the sod ium
increased (Table 3, Figure 4). In the latter
case a contributing factor will have been
the known decrease in the sodium content
of rainwater with increasing distance from
the ocean. Because of the lack of sufficient
conductivity data from West Africa this
particular investigation on changes of the
ionic composition with the longitude had
to be confined to East Africa only.
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L i v i n g s t o n e D . A . ( 1 9 6 3 ) C h e m i c a l c o m p o s i t i o n
o f r i v e r s a n d l a k e s . I n : D a t a 0 / G e o c h e m i s t r y
( E d i t o r M . F l e i s c h e r ) , C h a p . G . U . S . G o v l .
P r i n t i n g O f f i c e .
P a p p e A . a n d R i c h m o n d H . D . ( 1 8 9 0 ) A C e n t r a l
A f r i c a n s a l t l a k e J . S o c . c h e m . I n d . L o n d . 9 ,
7 3 4 .
R i c a r d o C . K . ( 1 9 3 9 ) R e p o r t o n t h e F i s h a n d F i s h e r i e s
0 / L a k e R u k w a i n T a n g a n y i k a T e r r i t o r y a n d t h e
B a n g w e u l u R e g i o n i n N o r t h e r n R h o d e s i a . C r o w n
A g e n t s , L o n d o n .
S t a p p e r s , L . ( 1 9 1 4 ) . C o m p o s i t i o n C h i m i q u e d e I ' E a u
d e S u r / a c e d e s L a c s M o e r o e t T a n g a n i k a M i n i ·
s t e r e d e s C o l o n i e s , B r u s s e l s .
T a i l i n g , J . F . ( 1 9 5 7 ) . D i u r n a l c h a n g e s o f s t r a t i ·
f i c a t i o n a n d p h o t o s y n t h e s i s i n s o m e t r o p i c a l
A f r i c a n w a t e r s . F r o c . r o y . S o c . B . 1 4 7 , 5 7 - 8 3 .
T a i l i n g , J . F . ( 1 9 6 3 ) . O r i g i n o f s t r a t i f i c a t i o n i n
A n A f r i c a n R i f t l a k e . L i m n o l . O c e a n o g . 8 , 6 8 - 7 8 .
T a i l i n g , J . F . a n d T a i l i n g , 1 . B . ( 1 9 6 5 ) . T h e c h e m i c a l
c o m p o s i t i o n o f A f r i c a n l a k e w a t e r s . I n t . R e v .
H y d r o b i o l . 5 0 , 4 2 1 - 4 6 3 .
T o t t e n h a m , P . M . ( 1 9 2 6 ) . T h e U p p e r W h i t e N i l e
M i s s i o n , 1 9 2 3 . G o v e l . P r e s s , C a i r o .
V e r b e k e , J . ( 1 9 5 7 ) . R e c h e r c h e s E c o l o g i q u e s s u r
l a F a u n e d e s G r a n d s L a c s d e { ' E s t d u C o n g o
B e I g e . E x p l o r a t i o n H y d r o b i o l o g i q u e d e s L a c s
K i v u , £ d o u a r d e t A l b e r t ( 1 9 5 2 - 1 9 5 4 ) , R e s u l t a t s
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B r u s s l e s .
V i n e r , A . B . ( 1 9 6 9 ) . T h e c h e m i s t r y o f t h e w a t e r
o f L a k e G e o r g e , U g a n d a . V e r h . I n t e r n a t .
V e r e i n L i m n o l . 1 7 , 2 8 9 - 2 9 6 .
V i s s e r , S . A . ( 1 9 6 1 ) . C h e m i c a l c o m p o s i t i o n o f r a i n -
w a t e r i n K a m p a l a , U g a n d a , a n d i t s r e l a t i o n
t o m e t e o r o l o g i c a l a n d t o p o g r a p h i c a l c o n d i t i o n s .
J . G e o p h y s . R e s . 6 6 , 3 7 5 9 - 3 7 6 5 .
V i s s e r , S . A . ( 1 9 6 2 ) . C h e m i c a l i n v e s t i g a t i o n s i n t o
a s y s t e m o f l a k e s , r i v e r s a n d s w a m p s i n S . W .
K i g e z i , U g a n d a , E . a / I ' . a g r i c . F o r . J . 2 8 8 1 - 8 6 .
V i s s e r , S . A . ( 1 9 6 3 ) . G a s p r o d u c t i o n i n t h e d e c o m p o -
s i t i o n o f C y p e r u s p a p y r u s . 1 . W a t e r P o l l u t i o n
C o n t r o l F e d e r a t i o n 3 5 , 9 7 3 - 9 8 8 .
V i s s e r , S . A . ( 1 9 6 4 ) . A s t u d y i n t h e d e c o m p o s i t i o n
o f C y p e r u s p a p y r u s i n t h e s w a m p s o f U g a n d a ,
i n n a t u r a l p e a t d e p o s i t s , a s w e l l a s i n t h e p r e s e n c e
o f v a r i o u s a d d i t i v e s . E . a / I ' . a g r i c . F o r . J . 2 9 ,
2 6 8 - 2 8 7 .
V i s s e r , S . A . ( 1 9 6 5 ) . C o n d i t i o n s a f f e c t i n g l i f e i n
a s t r a t i f i e d t r o p i c a l c r a t e r l a k e . W . a f r o J . b i o I .
a p p l . C h e m . 8 , 4 8 - 5 2 .
W h i t e , E . ( 1 9 6 5 ) . T h e F i r s t S c i e n t i f i c R e p o r t 0 /
t h e K a i n j i B i o l o g i c a l R e s e a r c h T e a m . K a i n j i
B i o l o g i c a l R e s e a r c h T e a m , L i v e r p o o l .
W o r t h i n g t o n , E . B . ( 1 9 3 0 ) . O b s e r v a t i o n s o n t h e
t e m p e r a t u r e , h y d r o g e n - i o n c o n c e n t r a t i o n a n d
o t h e r p h y s i c a l c o n d i t i o n s o f t h e V i c t o r i a a n d
A l b e r t N y a n z a s . I n t . R e v . H y d r o b i o l . 2 4 , 3 2 8 - 3 5 7 .
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P a r t x v n . J . L i n n . S o c . ( Z o o l . ) 4 0 , 3 3 - 6 9 ,
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